Carabid beetle communities and invertebrate weed seed predation in conventional and diversified crop rotation systems in Iowa by O\u27Rourke, Megan Elizabeth
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2005 
Carabid beetle communities and invertebrate weed seed 
predation in conventional and diversified crop rotation systems in 
Iowa 
Megan Elizabeth O'Rourke 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
O'Rourke, Megan Elizabeth, "Carabid beetle communities and invertebrate weed seed predation in 
conventional and diversified crop rotation systems in Iowa" (2005). Retrospective Theses and 
Dissertations. 19205. 
https://lib.dr.iastate.edu/rtd/19205 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Carabid beetle communities and invertebrate weed seed predation in conventional and 
diversified crop rotation systems in Iowa 
by 
Megan Elizabeth O'Rourke 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Co-majors: Entomology; Ecology and Evolutionary Biology 
Program of Study Committee: 
Matt Liebman, Co-major Professor 
Marlin Rice, Co-major Professor 
Brent Danielson 





Iowa State University 
This is to certify that the master's thesis of 
Megan Elizabeth O'Rourke 
has met the thesis requirements oflowa State University 
Signatures have been redacted for privacy 
iii 
TABLE OF CONTENTS 
CHAPTER 1. INTRODUCTION ......................................................................................... 1 
Agricultural trends ........................................................................................................ 1 
Benefits of Diversified Crop Rotations ......................................................................... 2 
Research Objectives ...................................................................................................... 4 
Thesis Organization ...................................................................................................... 4 
References ..................................................................................................................... 5 
CHAPTER 2. GROUND BEETLE (COLEOPTERA: CARABIDAE) 
COMMUNITIES IN CONVENTIONAL AND DIVERSIFIED CROP 
ROTATION SYSTEMS ...................................................................................................... 9 
Summary ....................................................................................................................... 9 
Introduction ........................ , ........................................................................................ 10 
Materials and Methods ................................................................................................ 11 
Results ......................................................................................................................... 15 
Discussion ................................................................................................................... 18 
Acknowledgements ..................................................................................................... 21 
References ................................................................................................................... 22 
CHAPTER 3. POST-DISPERSAL WEED SEED PREDATION BY 
INVERTEBRATES IN CONVENTIONAL AND LOW-EXTERNAL-INPUT 
CROP ROTATION SYSTEMS ........................................................................................ 35 
Abstract ....................................................................................................................... 35 
Introduction ................................................................................................................. 36 
Materials and Methods ................................................................................................ 38 
Results ......................................................................................................................... 42 
Discussion ................................................................................................................... 45 
Conclusion .................................................................................................................. 48 
Acknowledgements ..................................................................................................... 49 
References ................................................................................................................... 49 
CHAPTER 4. CONCLUSIONS .......................................................................................... 63 
ACKNOWLEDGEMENTS ................................................................................................. 66 
1 
CHAPTER 1. INTRODUCTION 
Agricultural trends 
During the 20th century, agricultural production systems have become increasingly 
concentrated. Between 1974 and 2002, the total number of farms in the United States fell 
over nine percent while the number of farms over 1000 acres grew over 14 percent. In Iowa, 
the trend toward farm consolidation has been even more intense. Between 1974 and 2002, 
the total number of farms in Iowa fell approximately 28 percent while the number of farms 
over 1000 acres increased nearly 700 percent (NASS, 2002). 
Associated with farm consolidation has been an increase in the use of chemical inputs to 
maintain desirable yields. On major crops, including com, cotton, soybean, wheat, potatoes, 
vegetables, and fruits, pesticide use grew from 215 million pounds in 1964 to 588 million 
pounds in 1997 (Osteen, 2003). Much of this increase has been due to the widespread 
adoption of herbicides, which were applied to nearly 100 percent of many row crops 
including corn, soybean and cotton by 1980 (Osteen, 2003). In addition to pesticide 
applications, fertilizer use has also increased considerably during the past century. Between 
1960 and 1998, nitrogen, phosphate and potash use increased in the U.S. from 7.5 million 
tons to over 22 million tons (Daberkow et al., 2003). 
The consolidation of farm management and the widespread use of chemical inputs have had a 
variety of negative environmental impacts. Farm consolidation is correlated with the loss of 
non-agricultural, perennial habitat such as field margins and hedgerows (Medley et al., 
1995). A decrease in perennial habitat contributes to soil erosion and chemical runoff from 
farms. Indeed, agricultural production is the leading source of non-point water pollution, 
which accounts for an estimated 50 percent of all surface water pollution nation-wide 
(National Research Council, 1989). In Iowa, agriculture is considered by the Environmental 
Protection Agency (EPA) to be a leading contributor to water quality problems and EPA 
surveys (2000) have determined that aquatic life is impaired in 26 percent oflowa's assessed 
rivers and 32 percent of assessed lakes. A decrease in perennial habitat associated with 
agricultural intensification has also been correlated to a decrease in the diversity and 
abundance of some wildlife game species (Edwards, 1994). Loss of undisturbed habitat also 
affects natural enemy diversity and abundance, which may affect agricultural pest outbreaks 
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(Landis et al., 2000). Additionally, chemical inputs in conventional agriculture can have 
direct toxic effects on natural enemies (Hance, 2002) and wildlife (Fleishchli et al., 2004). 
Chemical inputs to agricultural systems have also been associated with a variety of human 
health problems. While it is reportedly difficult to obtain accurate estimates of pesticide 
poisonings in developing nations, the World Health Organization (Jeyaratnam, 1990) 
estimated that around 3% of agricultural workers in developing countries, approximately 25 
million people, suffer from pesticide poisoning each year. This rate is much lower in the US, 
but still accounts for approximately 0.8% of chemical poisonings each year. Additionally, 
some pesticides have been associated with chronic health effects including cancer 
development (Alavanja et al., 2003). Fertilizers also impact human health and nitrate 
pollution of ground water can cause methemoglobinemia, or blue baby syndrome, which can 
lead to serious medical complications and even death in young infants (Knobeloch et al., -
2000). 
Benefits of Diversified Crop Rotations 
One mechanism for mitigating the environmental and health consequences of agricultural 
production is to diversify crop rotations. The need for inorganic nitrogen additions can be 
reduced when leguminous species, whose symbiotic microorganisms fix atmospheric 
nitrogen into usable forms for plants, are added to a rotation regime (Chalk, 1998). In Iowa, 
where cropping systems are dominated by two-year com/soybean rotations, pasture, hay and 
cover crops added to a rotation increase the duration of living plants on the soil and decrease 
the need for tillage. This is important for reducing soil erosion and water run-off from 
agricultural fields, which are important sources of surface-water pollution (Karlen et al., 
1994). Diversified crop rotations have also been associated with reduced pest pressures, 
which may serve to decrease the use of pesticide inputs to agricultural systems. Pests such as 
root knot and lesion nematodes, with low dispersal ability and narrow host ranges, have been 
controlled through diversified crop rotations that extend the period of non-host crop 
(Kratochvil et al., 2004). Diversified crop rotations may also serve to reduce weed pressures 
by direct suppression, through incorporation of competitive crops into a rotation, and by 
increasing the diversity of weed management techniques, which is important for preventing 
resistance evolution (Liebman & Staver, 2001). 
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Diversified Crop Rotations and Biological Control 
An additional benefit of diversified crop rotations may be their ability to conserve 
invertebrate natural enemies, which may in tum result in reduced pest pressures. For 
example, there have been many studies pointing to the benefits of perennial habitat for the 
conservation of natural enemies (Landis et al., 2000). Perennial habitats such as field 
margins and hedgerows may provide space and food resources for natural enemies when 
annual crop habitat is disturbed. On a landscape level, if farmers were to incorporate 
perennial pasture crops or annuals with a diversity of harvest dates into a crop rotation, then 
perhaps crop habitats themselves could serve as reservoirs for natural enemies. Furthermore, 
diversified crop rotations may benefit natural enemies and biological control if less chemical 
inputs and soil disturbance, which are generally detrimental to natural enemies, are required 
to maintain crop yields (Kromp, 1999). 
One important group of natural enemies that may benefit from diversified crop rotations are 
carabid beetles (Coleoptera: Carabidae). The role of carabid beetles in the biological control 
of pest species in agroecosystems has long been recognized (Lindroth, 1969). Carabids are 
polyphagous predators that will consume a wide range of prey including aphids; dipteran 
eggs, larvae and pupae; coleopteran eggs and larvae; lepidopteran pests; and slugs (Holland, 
2002). Some carabid species also show granivorous feeding preferences and may play an 
important role in weed seed predation and weed community structure (Tooley and Brust, 
2002). 
Various aspects of carabid biology and ecology indicate that carabid communities will differ 
between conventionally managed crop rotations compared to low-input, diversified crop 
rotations. Most carabid species live for multiple years (Thiele, 1977) and studies indicate 
that at least some species migrate from crops to perennial habitat to seek overwintering 
refuge (Sotherton, 1984; French & Elliott, 1999). Thus, perennial habitat such as alfalfa or 
pasture, or cover crops incorporated into a crop rotation may act as a refuge for conserving 
carabid beetles. Also, some carabid species overwinter in soil cracks within agricultural 
fields (Kirk, 1972) and may benefit from crop rotations that require less tillage. There is also 
evidence that temperature, humidity, light, and soil characteristics are the most important 
factors determining carabid beetle habitat preference (Thiele, 1977; Holland, 2002). So, crop 
rotations incorporating different suites of crops with different microclimates would also be 
expected to benefit different assemblages of carabids. Additionally, chemical inputs have 
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been shown to have species-specific effects on carabid beetles (Tonhasca, 1993; Fan et al., 
1993). Since crop rotations vary in the amount and timing of chemical inputs required to 
maintain desirable yields, differences in chemical regime may be another mechanism by 
which crop rotations affect carabid communities. 
Research Objectives 
This thesis had two primary research objectives: 
1) Understand how crop rotation systems affect the activity-density and diversity of 
carabid beetle communities. Carabid beetles were chosen as an indicator of how 
diversified crop rotations may affect ground-dwelling natural enemy communities. Carabids 
were an appropriate model community to focus upon due to their diversity, importance and 
ubiquity in agro-ecosystems (.I<romp, 1999), their ease of handling, the relatively extensive 
body of literature about their biology and distributions relative to many other insect families, 
and because of historical distribution data available from Iowa agro-ecosystems (Esau, 1968; 
Esau and Peters, 1975; Best et al., 1981). 
2) Understand how crop rotation systems affect the activity-density of invertebrate 
seed predator species and invertebrate seed predation rates of giant foxtail, Setaria 
faberi. This research objective was originally conceived to explore the trophic effects of 
crop rotations on granivorous carabid beetle communities and how consequent differences in 
beetle communities may affect weed biological control. However, due to the prevalence of 
other granivorous arthropods in field plots, this study was expanded to also examine crickets, 
and slugs. Giant foxtail, Setaria faberi, was chosen as a prey species due to its importance as 
an agricultural weed throughout the Midwestern United States (Lindquist et al., 1999). 
Additionally, S.faberi resistance to three classes of herbicides has been reported (Heap, 
2005), warranting investigation into mechanisms of biological control. 
Thesis Organization 
This thesis is arranged as two main research chapters, written for submission to scientific 
journals, in addition to a general introductory and concluding chapter. The research done for 
both chapters was conducted at Iowa State University's Marsden Farm, Boone Co., IA. The 
crop rotations compared were a conventionally managed, two-year, com/soybean rotation 
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and a low-input, four-year, corn/soybean/triticale-alfalfa/alfalfa rotation. The first research 
chapter was designed to address the first objective outlined above and investigates how 
conventional versus diversified crop rotation systems affect carabid activity-density and 
community characteristics. The second research chapter addresses my second research 
objective, understanding how crop rotations affect invertebrate seed predator activity-density 
and giant foxtail seed predation rates. The second research chapter serves to identify 
important invertebrate seed predator species and provides insight into how invertebrate seed 
predation varies through time and among crops. 
For both research chapters, I have been the primary investigator and author. Dr. Matt 
Liebman and Dr. Marlin Rice also appear as co-authors for both papers. Dr. Liebman has 
served as my co-major professor in the Ecology and Evolutionary Biology program and has 
provided much of the support for the field portions of this research. Dr. Rice has served as 
my co-major professor in the Entomology program. Mr. Andrew Heggenstaller appears as 
co-author in the second research chapter concerning invertebrate weed seed predation. Mr. 
Heggenstaller is a Master of Science degree student in Dr. Liebman's laboratory and 
provided some data used to explore the relative importance of invertebrates compared to 
vertebrates as weed seed predators. 
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CHAPTER 2. GROUND BEETLE (COLEOPTERA: CARABIDAE) COMMUNITIES 
IN CONVENTIONAL AND DIVERSIFIED CROP ROTATION SYSTEMS 
A paper submitted to the Journal of Applied Ecology 
Megan E. O'Rourke, Matt Liebman, Marlin E. Rice 
Summary 
1. Carabid beetles are important in agro-ecosystems as generalist predators of invertebrate 
pests and weed seeds and as prey for larger animals. However, it is still not well understood 
how cropping systems affect ground beetle communities. 
2. Over a two year period, carabid beetles were monitored bimonthly using pitfall traps in a 
high chemical input, two-year, com/soybean rotation system and a low input, four-year, 
com/soybean/triticale-alfalfa/alfalfa rotation system. 
3. Carabid communities were largely dominated by only a few species across all cropping 
treatments with Poecilus cha/cites comprising over 70% of carabids in both years of study. 
4. There were greater differences in the temporal activity-density and species richness of 
carabid communities among crops than within com and soybean treatments managed with 
different agrichemical inputs and soil disturbance regimes. Scarites quadriceps was the only 
species significantly affected by management regime and was trapped more often in reduced 
input versus conventionally managed soybean during 2004. 
5. Overall carabid activity-density and species richness were higher in the low-input, four-
year rotation compared with the conventionally managed, two-year rotation. Increased 
species richness was largely due to the incorporation.of triticale-alfalfa and alfalfa plots into 
the rotation, which harbored most of the 'rare' carabid species. 
5. Principal Components Analysis showed strong yearly variation in carabid communities 
across all cropping treatments, and some species responded differently to cropping treatments 
over the two years of study. 
6. Synthesis and applications: In this study, carabid response to cropping systems was most 
strongly influenced by crop habitat rather than management regime within a crop. Because 
cropping treatment effects varied among species and over time, predicting the exact effects of 
cropping systems may be difficult and will likely depend on the carabid species present and 
climatic variability of an area. The increase in carabid activity-density and species richness 
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observed in the four-year crop rotation highlights the benefits of diverse crop habitats for 
carabids and the possibility for managing wildlife by manipulating crop rotations. 
Keywords: Agro-ecology, beetle communities, biological control, Iowa, generalist predators, 
natural enemies, Poecilus chalcites 
Introduction 
With the intensification of agricultural production during the 20th century, agro-ecosystems 
have become increasingly dominated by chemically intensive, short rotation cropping 
systems (Pretty 1995). Concomitantly, many agricultural production practices such as tillage 
and pesticide use have been associated with the degradation of natural resources such as soil 
fertility, surface water, and ground water (National Research Council 1989). One approach 
for mitigating the environmental consequences of agricultural production is to diversify crop 
rotation sequences. The possible benefits of diversified cropping systems include reduced 
need for inorganic nitrogen additions when legumes are added to a rotation (Chalk 1998), 
reduced soil erosion and improved soil characteristics (Karlen et al. 1994), and reduced pest 
pressures (Brust & King 1994; Kratochvil et al. 2004; Teasdale et al. 2004). 
One way in which diversified cropping systems can contribute to reduced pest pressures is 
through conservation of natural enemy populations. Carabid beetles are an important group 
of generalist predator natural enemies that are commonly found in agro-ecosystems (Kromp 
1999). They have been reported to consume a wide range of agricultural pest species 
including both invertebrates and weed seeds (Toft & Bilde 2002). Carabid beetles are also 
important prey species for many vertebrates such as birds and rodents and may thus 
contribute to the overall biotic diversity within agro-ecosystems (Holland 2002). 
Despite the importance of carabids in agroecosystems, the impacts on carabids of various 
crop management practices, including tillage and agrichemical use, are not yet well 
understood. There have been various studies that highlight the importance of perennial 
refuge habitats (Carmona & Landis 1999; Lee, Menalled & Landis 2001) and field margins 
(French & Elliott 1999; Thomas & Marshall 1999) for conserving carabids. However, within 
the crop habitat itself, there is conflicting evidence as to the consequences of tillage and 
pesticide regime on carabid beetle communities. Carcamo (1995) found that total carabid 
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activity-density was higher in conventional tillage compared to reduced tillage barley, 
whereas Brust, Stinner & McCartney ( 1986) found reduced levels of carabid activity-density 
in conventional versus no-till com and soybean. In laboratory experiments, it was 
determined that the herbicide metribuzin caused no direct mortality of Harpa/us rujipes, 
whereas field experiments showed that the combined effects of metribuzin and chisel 
plowing significantly reduced H rufipes activity-density (Zhang, Drummond & Liebman 
1998). In examining conventional versus organic management regimes, Melnychuk et al. 
(2003) found no significant effects on carabid activity-density or species diversity, whereas 
Carcamo, Niemala & Spence ( 1995) found higher levels of carabid activity-density and 
species diversity in organic systems. 
In this study, the main objectives were to understand how cropping systems affect carabid 
beetle activity-density and community characteristics. Within a particular crop, we 
hypothesized that management regimes using reduced levels of fertilizers and herbicide 
inputs would result in greater carabid activity-density and species richness. We also 
hypothesized that increasing the diversity of crops within a rotation system, especially by 
adding crops that can be managed with minimal soil disturbance and that provide extended 
periods of crop cover, would result in increased carabid activity-density and species richness. 
To test these hypotheses, we compared carabid beetle communities in a conventionally 
managed com/soybean crop rotation system with a low chemical-input 
corn/ soybean/triticale-alfalfa/ alfalfa rotation system. 
Materials and Methods 
Cropping systems 
Crop rotations were established in 2002 on Clarion-Nicollet-Webster mixed loam soils at 
Iowa State University's Marsden Farm in Boone Co., Iowa, USA. Prior to the cropping 
systems experiment, the land had been commercially managed for com and soybean 
production and then planted to oat in 2001. The two cropping systems compared were a two-
year com/soybean rotation and a four-year corn/soybean/triticale underseeded with 
alfalfa/alfalfa rotation. The experiment was laid out as a randomized complete block design 
with each phase of each rotation system present every year in each block. There were four 
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replicate blocks separated by approximately 15 m of mowed, mixed grasses (mostly Festuca 
spp.) and each treatment plot within the four blocks measured 18 x 84 m. 
The two cropping systems were managed for high yield and the timing and quantity of inputs 
varied between years depending on soil nutrient tests, field scouting, and weather conditions. 
Compared to the four-year system, the two-year system received higher levels of chemical 
inputs, but lower levels of mechanical weed cultivation (Table 1; Figs 1 & 2). Synthetic 
nitrogen fertilizer was applied to the com phase of the two-year system at a rate of 150 and 
110 kg N ha-1 in 2003 and 2004, respectively. Synthetic nitrogen fertilizer was applied to 
com in the four-year system at rates of 55 kg N ha-1 in 2003 and 70 kg N ha-1 in 2004, and to 
triticale at a rate of 30 kg N ha-1 in both years. Organic N inputs were also applied to com in 
the four-year rotation in the form of composted manure applied at a rate of 15 Mg ha-1 (fresh 
weight). 
The two-year rotation received 2.38 and 2.26 kg a.i. ha-1 of herbicide in 2003 and 2004, 
respectively. The four-year rotation received herbicide inputs of 0.42 and 0.56 kg a.i. ha-1 in 
2003 and 2004, respectively. Herbicides applied to the two-year rotation included pre-plant 
incorporated (PPI) metolachlor in both com and soybean and isoxaflutole in the com. Post-
emergence (PE) herbicides applied to the two-year rotation included a nicosulfuron and 
rimsulfuron mix and mesotrione in 2003 com; bentazon, flumiclorac and clethodim in 2003 
soybean; no PE herbicides in 2004 com; and bentazon and clethodim in 2004 soybean. In 
the four-year rotation, herbicides were only applied to the com and soybean phases. In the 
four-year com and soybean, no PPI herbicides were applied to com but metolachlor was 
applied to soybean in 2003 and 2004. Post emergence herbicides in the four-year rotation 
included a nicosulfuron and rimsulfuron mix and mesotrione in 2003 and 2004 com; 
flumiclorac in 2003 soybean; and bentazon in 2004 soybean. 
The two-year rotation was chisel plowed every other year following com harvest, whereas 
the four-year rotation was moldboard plowed in the fall after the alfalfa phase and chisel 
plowed after the com phase of the rotation. Mechanical weed cultivation was used in the 
two-year rotation one time in the com phase in 2003 and was not used in 2004. Mechanical 
cultivation in the four-year rotation was used two times in soybean and three times in com in 
2003, and three and two times during 2004 in soybean and com, respectively. 
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Carabid activity-density 
Carabid activity-density was monitored using pitfall traps (Thiele 1977; Southwood 1978). 
Traps were 1 L plastic cups buried flush to the soil surface containing a 20% propylene 
glycol preservative solution. Within each treatment plot there were four pitfall traps placed 
at least 5 m from adjacent plots and approximately 18 m from each other and the grassy plot 
borders. For each sampling period, pitfall traps were opened for five consecutive nights 
approximately every two weeks. During 2003, nine pitfall samples were taken between 23 
May and 7 October. During 2004, 11 pitfall samples were taken between 11 May and 6 
October. Pitfall samples were sorted and carabid beetles determined to species according to 
Lindroth (1969) and Bousquet & Larochelle (1993). A voucher specimen collection is 
deposited in Iowa State University's insect museum. 
Before analyzing pitfall trap data, the traps in each plot were averaged together as one 
response variable so that trap catches with any technical problems such as large soil cracks 
around the cup or improper burial depth could be thrown out of the data set. Less than one 
percent of pitfall trap data were excluded from analysis. Differences in species responses to 
cropping treatments were evaluated separately over 2003 and 2004 using analysis of variance 
(ANOVA) with crop treatment as a fixed factor, sample date as a repeated measure with 
compound symmetry covariance structure, and block as a random factor (PROC MIXED; 
SAS Institute 2002). To meet ANOVA assumptions of normality and equal variance, beetle 
response variables were either ln(x + 1) transformed or sqrt(x) transformed. Probability 
values for post-hoc multiple comparisons between cropping treatments were obtained using 
Tukey pair-wise adjustments. 
Carabid community composition 
Four indices were calculated to evaluate cropping system effects on carabid beetle 
communities: activity density, species richness, Simpson's diversity index, and Simpson's 
evenness index. Activity-density was calculated as the total number of beetles trapped. 
Species richness was the total number of carabid species trapped. Simpson's diversity index 
indicates the probability ofrandomly picking two organisms from a sample that are different 
species and was calculated as 
1 - f,p/ (eqn 1) 
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where p; is the proportion of species i in the community. Simpson's evenness index ranges 
from 0 to 1 and increases as the proportion of each species in a sample nears equality; it was 
calculated as 
s/f,p/ (eqn 2) 
where s is the total number of species and p; is the proportion of species i in the community 
(Krebs 1999). Analysis of variance was used to compare treatment differences with year, 
crop treatment, and crop treatment by year interactions as fixed effects and block as a random 
effect (PROC MIXED; SAS Institute 2002). Activity-density and species richness were ln(x 
+ 1) transformed. Multiple, pair-wise treatment comparisons were all Tukey adjusted. 
Overall differences between the two- and four-year crop rotations were calculated using -
contrast statements (SAS Institute 2002). 
Multivariate statistical analysis was conducted using the statistical software PC-ORD 
(McCune & Mefford 1999). The nine most abundant beetle species, for which at least 50 
specimens were collected over two years, were treated as separate response variables and all 
other beetles species were pooled together in the category 'other.' Principal Components 
Analysis (PCA) was conducted on the correlation matrix of species abundance, to downplay 
the effects of abundant species (Gauch 1982), and to evaluate variation in beetle communities 
across years and across cropping treatments. Significant differences between carabid 
communities between 2003 and 2004 and among cropping treatments were evaluated using 
Multi-Response Permutation Procedures (MRPP) that compare the pairwise, multivariate 
distance within a priori groups with distances between randomly chosen samples (Mielke 
1984). Multi-Response Permutation Procedures distance matrices were calculated as 
Euclidean distances between samples where data for each beetle species had been 
standardized to a mean of zero and variance of one in order to downplay the effects of · 
abundant species. Probability estimates for multiple pairwise comparisons between crops 
were Bonferonni adjusted. 
15 
Results 
A total of 3,168 carabid beetles representing 21 species was collected in 2003. During 2004, 
a total of 3,556 carabids of 32 species was collected. The dominant carabid sampled was 
Poecilus cha/cites, comprising over 70% of pitfall catches in both 2003 and 2004. There 
were five species of carabid beetles trapped in 2003 that were not seen in 2004. Likewise, 
there were six species of beetles captured in 2004 that were not seen in 2003 (Table 2). 
According to Bousquet and Larochelle (1993), the single specimen of Anisodactylus caenus 
collected in 2004 in the triticale-alfalfa treatment represented the first time this species had 
been collected in the state oflowa. 
Temporal Carabid Activity-Density: 
In both 2003 and 2004, the temporal pattern of carabid activity-density was more similar 
within crops, despite different management regimes between the two-year and four-year com 
and soybean treatments, than among crops. Comparing between years, there was a sharp dip 
in carabid activity-density in early July 2004 across all cropping treatments that did not occur 
in 2003. However, this is probably attributable to unusually cool temperatures during the 
sampling period (Midwest Regional Climate Center 2005) that led to reduced carabid 
activity, rather than an actual reduction in population (Southwood 1978). 
In 2003 and 2004, carabid beetle activity-density in the two- and four-year rotation com 
showed a similar temporal pattern despite a higher rate of soil disturbance in the four-year 
com and a higher rate of chemical inputs in the two-year com. In both years, carabid 
activity-density in com peaked in mid-June and fell in early July when the com was entering 
the early silking phase of development (Fig. 1 C2 & C4; Fig. 2 C2 & C4). Similarly, in 
soybean, the increased soil disturbance and decreased herbicide use in the four-year 
compared with the two-year crop resulted in no obvious effects on the temporal patterns of 
carabid activity-density. In both 2003 and 2004, carabid activity-density in soybean was 
high in mid-June and did not reach consistent lows until early August when the soybean pods 
on the upper portion of the main stem were approximately 2 cm (Fig. 1 S2, S4; Fig.2 S2, S4). 
The temporal pattern of carabid activity-density in triticale-alfalfa was distinctive in 2003 
with a higher diversity of carabid species caught early in the season compared with the other 
cropping treatments. However, in 2004, carabid diversity was lower in triticale-alfalfa and 
16 
the distinctive temporal pattern of carabid activity-density was not repeated. One consistent 
pattern in triticale-alfalfa pitfall catches in 2003 and 2004 was a drop in carabid activity-
density in late July, corresponding to triticale harvest (Fig. 1 T4; Fig. 2 T4). 
Patterns of carabid pitfall catches in alfalfa were distinctive from the other cropping 
treatments in both 2003 and 2004. In both years, carabid activity-density remained relatively 
high in the alfalfa later in the season during August and September. Differences in the 
temporal patterns of pitfall catches in the 2003 and 2004 alfalfa may be explained by the 
poorer establishment of the alfalfa treatments in 2002 compared with 2003, which resulted in 
a less dense stand of alfalfa in early 2003 compared to early 2004. During July and August 
2003 and during 2004, carabid pitfall catches were low following harvest when the canopy 
was very open, peaked between alfalfa cuttings, and again declined prior to the next harvest 
(Fig. 1 A4; Fig. 2 A4). 
Species-Specific Cropping Treatment Effects 
When the activity-density of individual species of carabid beetles was summed over 
sampling dates in 2003 and 2004, there was little effect of rotation management regime 
within a crop. During 2003 and 2004, there were no differences in individual carabid 
species' activity-density between the two- and four-year rotation com treatments. Between 
the two- and four-year rotation soybeans, there was only one instance when pitfall catches of 
an abundant carabid species were significantly different. In 2004, pitfall catches of Scarites 
quadriceps were significantly higher in the four-year compared with the two-year rotation 
soybean (P = 0.04). This difference was not detected in 2003, but may have been due to the 
overall low catches of S. quadriceps in 2003, making it difficult to detect the effects of 
management regime (Table 3). 
Comparing among all six cropping treatments, certain species of carabid beetles showed 
uniquely high patterns of activity-density in the triticale-alfalfa and alfalfa treatments. In 
2003, there were significantly more Stenolophus comma, Anisodactylus sanctaecrucis, 
Harpalus herbivagus, and 'other' beetles collected in the triticale-alfalfa treatment compared 
with any other treatment (P < 0.05). In 2004, there were no distinct patterns of species' 
activity-density in triticale-alfalfa, but there were significantly more Poecilus lucublandus 
and Harpalus herbivagus collected in the alfalfa treatment compared with other treatments 
(Table 3). 
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Community Composition and Cropping Systems 
Different rotation management regimes did not significantly affect the activity-density, 
species richness, Simpson's evenness index, or Simpson's diversity index in com or soybean 
in 2003 and 2004. Indeed, no single cropping treatment had a distinct community index. 
However, when contrasts were made between the two-and four-year cropping systems as a 
whole, there was significantly greater activity-density (P < 0.01) and species richness (P < 
0.002) in the four-year system, averaged per year, than in the two-year system. On the other 
hand, there was significantly less community evenness in the four-year compared to the two-
year system (P < 0.05) largely due to the overall increased activity-density of Poecilus 
cha/cites in the four-year crop rotation. There were no significant differences in Simpson's 
diversity between the two-year and four-year systems. 
Principal Components Analysis showed that carabid community composition differed 
between 2003 and 2004 across all cropping treatments. In 2003, B. rapidum, H 
pensylvanicus, H herbivagus, S. comma, A. sanctaecrucis and 'other' beetles were generally 
more common than in 2004, when S. quadriceps, P. lucublandus and P. permundus were 
more common. The first PCA axis captured 34% of the variance in beetle communities 
while the second axis captured an additional 19% of community variation (Fig. 3). Multi-
Response Permutation Procedures used to analyze 2003 and 2004 data indicated that carabid 
communities were indeed significantly different between years (P < 0.001 ). 
Principal Components Analysis of beetle communities conducted on data from 2003 and 
2004 separately showed that the first axis tended to divide perennial versus annual cropping 
treatments. In 2003, triticale-alfalfa separated along PCA axis one from the other cropping 
treatments and in 2004 both triticale-alfalfa and alfalfa separated from com and soybean 
treatments along the first axis (Fig. 4). For 2003 data, the first PCA axis explained 44% of 
carabid community variance while the second axis explained an additional 18%. For 2004 
data, the first PCA axis explained 31 % of carabid community variance while axis two 
explained an additional 22%. 
Multi-Response Permutation Procedures used to analyze carabid beetle communities 
separately in 2003 and 2004 revealed that differences among treatments were inconsistent 
between years. In 2003, there was no effect of management regime on carabid communities 
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in com and soybean, whereas in 2004 carabid communities in the two-year and four-year 
soybean differed significantly (P = 0.02). Examining the effect of crop on beetle 
communities, there were significant differences between alfalfa and com (P < 0.01), com and 
soybean (P < 0.05), com and triticale-alfalfa (P < 0.01), and soybean and triticale-alfalfa (P < 
0.01) in 2003. However, in 2004 there were only significant differences in beetle 
communities between alfalfa and com (P < 0.01), and alfalfa and soybean (P < 0.01). 
Furthermore, beetle species found together in certain crops in 2003 were not always found 
together in that crop in 2004. For example, A. sanctaecrucis, H pensylvanicus, H. herbivagus 
and S. comma characterized the four-year triticale-alfalfa treatment in 2003, whereas A. 
sanctaecrucis was more commonly found in com treatments, H. herbivagus was more often 
found in alfalfa and B. rapidum was characteristic of triticale-alfalfa plots in 2004. 
Discussion 
In this study, the carabid beetle community was dominated by only a few species. In both 
2003 and 2004, Poecilus cha/cites comprised over 70% of the beetles captured. Poecilus 
cha/cites can consume a large variety of soft bodied insects of economic importance 
(Larochelle & Lariviere 2003) and is purportedly common in Midwestern, United States 
agricultural fields (Kirk 1971; Esau & Peters 1975; Best & Beegle 1977; Best et al. 1981; 
Wiedenmann et al. 1992). The five most abundant carabid species sampled comprised 
approximately 85% of catches in both years. This result agrees with a worldwide review by 
Luff (2002) of 119 datasets of Carabidae in agricultural habitats where the five most 
abundant species averaged 84% of total pitfall trap captures. However, when compared to 
natural habitats, this dominance structure is highly uneven and has been attributed to high 
levels of disturbances in agricultural production, including crop harvest and tillage, which are 
intolerable for many carabid species (Thiele 1977). 
The differences in carabid communities and temporal activity-density patterns among crop 
habitats found in this study confirm results of numerous other researchers who also report 
significant effects of crop type on carabids (Tonhasca 1993; Ellsbury et al. 1998; Zhang, 
Drummond, & Liebman 1998; Honek & Jarosik 2000; Ward & Ward 2001; Butts et. al. 
2003; Melnychuk et al. 2003; Witmer, Hough-Goldstein & Pesek 2003). Crops likely affect 
carabid communities through modification of microclimatic factors, such as temperature and 
humidity that vary with crop development, and through disturbance factors such as harvest 
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and tillage schedules (Thiele 1977; Holland 2002). Similar crop phenology and management 
scenarios may explain why the temporal activity-density and community composition of 
carabids were relatively similar in com and soybean compared to triticale-alfalfa and alfalfa 
treatments. The ground in com and soybean plots remained relatively bare until the canopy 
filled in during July and August, respectively. In contrast, triticale-alfalfa was planted earlier 
in the season and the canopy established full cover in late May before triticale senescence 
during June and July. In the alfalfa plots, the ground remained covered through winter and 
was repeatedly harvested throughout the summer with carabid activity-density in those plots 
peaking between harvests, perhaps in response to canopy density. 
In accordance with our original hypothesis, extending the crop rotation cycle by 
incorporating crops that can be managed with low levels of soil disturbance, such as triticale 
and alfalfa, increased carabid activity-density and species richness. Indeed, PCA largely 
separated carabid communities between annual com and soybean crop treatments versus 
triticale-alfalfa and alfafa treatments (Fig. 4). In a study of carabid communities in a variety 
of crops in the Netherlands, Booij ( 1994) also found that species richness was higher in crops 
with early and persistent ground cover. However, when community evenness and diversity 
measures were calculated in the present study, triticale-alfalfa and alfalfa treatments did not 
have particularly high scores. This can be explained by considering that much of the 
activity-density in the triticale-alfalfa and alfalfa treatments was due to the most abundant 
carabid species, Poecilus cha/cites, and that the increase in species richness was largely due 
to species that were trapped only once or a few times. While the biological control impacts 
of preserving rare species in perennial crop habitat may not be large, from a conservation 
perspective, perennial crops may be important refuges for biodiversity that also meet the 
economic needs of land owners. 
The small effects of reduced levels of fertilizer and herbicide applications on carabid beetle 
communities were in contrast to our original hypothesis that reduced chemical inputs would 
lead to increased carabid activity-density and species richness (Carcamo, Niemala & Spence 
1995; Fan et al. 1993). The one exception was in 2004 when low-input versus 
conventionally managed soybean treatments differed in their carabid community composition 
according to multivariate statistical techniques. However, this separation was largely due to 
a single species of beetle, Scarites quadriceps, which was generally not abundant and 
comprised only 1 % and 6% of carabids in 2003 and 2004, respectively. One explanation for 
not seeing a greater effect of management includes the possibility that field plots were not 
20 
large enough (18 x 84 m) compared to the dispersal ability of carabids (Wallin & Ekbom 
1988), allowing beetles to colonize plots from field margins. Another explanation is that the 
increased soil disturbance to control weeds in the four-year com and soybean negated any 
benefit of reduced herbicide and inorganic fertilizer inputs. 
In addition to differences in carabid beetle communities between crops, this study has also 
emphasized yearly differences in beetle communities. Of the nine most abundant species 
trapped in this study, six species, including S. comma, H. pensylvanicus, P. lucublandus, H. 
herbivagus, S. quadriceps and P. permundus, were variably abundant between years. Other 
studies have also found high yearly variability in carabid beetle assemblages (French & Elliot 
1999; Irmler 2003; French et al. 2004). Over the course of nine years of pitfall trapping in 
one field, Irmler (2003) found significant correlations between the activity-density of 
approximately half the species examined with either yearly precipitation or temperature. ~ 
Climatic differences may also be responsible for the variability in beetle communities in this 
study with 2004 being generally cooler and wetter than 2003. In 2004, there was 
approximately 2.5 cm more rainfall per month between April and September than in 2003, 
and daily highs averaged 5.5°C cooler in 2004 during the warmest summer month of August 
(Midwest Regional Climate Center 2005). 
Not only were some carabid species more or less abundant across all treatments depending 
on the year of study, there were also instances where carabids responded differently to 
cropping treatments between years (Table 3). Furthermore, communities of carabid species 
that characterized a particular cropping treatment in 2003 were not necessarily grouped 
together in 2004 (Fig. 4). Many other studies have also found that carabids respond in a 
species-specific manner to crops and crop management (Tonhasca 1993; Ellsbury et al. 1998; 
French et al. 2004; Kromp 1999; Gholson et al. 1978; Los & Allen 1983). In a review of 
ground beetle biology, Lovei and Sunderland (1996) concluded that carabid habitat 
requirements can be very specific and that carabid community studies are often based more 
on taxonomic affiliation than on similarity of ecological requirements. Thus, if yearly 
climatic differences interact with crops to alter the microhabitat in different years, then 
carabid habit preferences could be expected to vary through time. Data in the present study 
were also examined to determine whether site specificity could explain yearly variation in 
cropping treatment effects on carabids. For example, a four-year triticale-alfalfa plot in 2004 
was in the same physical location as a four-year soybean plot in 2003. However, 
investigation into this possibility revealed no consistent trend. 
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Carabid beetles are well recognized as important species in agricultural systems acting in 
food webs as both predators and prey. Long-term studies of agricultural Carabidae in 
Germany and the UK reveal significant decreases in species richness and abundance, which 
have been attributed to the general intensification of agriculture production since the 1950' s 
(Holland & Luff 2000). As we seek to integrate ideals of agricultural production and 
conservation, it will be important to understand how management and crop rotations affect 
carabid communities. This study has emphasized the importance of crop habitat for carabids 
and the conservation value of perennial crops for preserving rare species. It has also 
emphasized the robustness of carabid communities to non-insecticidal management practices 
such as herbicides, fertilizers and mechanical weed control. However, this robustness may 
depend on the underlying composition of species in a region, since carabids appear to 
respond to cropping systems in a species-specific manner. Important areas of research that 
need further investigation include understanding the scale at which results of this and other 
studies are applicable since mark-recapture and radio-telemetry have indicated that carabids 
are capable of moving tens of meters a day (Best et al. 1981; Wallin & Ekbom 1988) and that 
flight capacity varies between species (Lindroth 1961 ). It will also be important to further 
investigate the factors structuring carabid assemblages across landscapes since it appears that 
the dominance structure of carabid communities can vary widely, even in similar habitats and 
over small geographic areas (Kirk 1971; Kirk 1975; Irmler 2003). 
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Table 1. Cro22ing SJ:Stems management and in_Quts during 2003 and 2004. 
Mechanical 
Cro2 Rotation Tillage a Fertilizer Herbicide Weed Control 
Com 2-year 0 + + 
Com 4-year + + 
Soybean 2-year + 0 + 0 
Soybean 4-year + 0 + 
Triticale- 4-year 0 0 
alfalfa 
Alfalfa 4-year 0 0 0 
+ Indicates conventional use, - indicates reduced use, 0 indicates no use. 
a Primary tillage occurred the fall prior to cropping treatment measurements. 
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Table 2. Relative abundance of carabid beetle species collected in 2003 and 2004 at Iowa 
State University's Marsden Farm, Boone Co., IA. 
% total 
Species" 2003b 2004c 
Poecilus cha/cites 70.1 71.8 
Stenolophus comma 9.4 1.9 
Harpalus pensylvanicus 5.l 0.5 
Poecilus lucublandus 2.3 9.0 
Harpalus herbivagus 2.0 0.5 
Anisodactylus sanctaecrucis 1.6 l.3 
Bembidion rapidum 1.2 0.4 
Scarites quadricpes 1.2 6.3 
Agonum placidum I.I 0.3 
Pterostichus permundus l.O 4.4 
Clivina bipustulata 0.9 0.5 
Clivina impressifrons 0.8 0.2 
Stenolophus ochropezus 0.8 <.l A4 
Harpalus calignosus 0.5 0.1 
Anisodactylus rusticus 0.3 0.2 
Cratacanthus dubius 0.3 0.0 
Chlaenius impunctifrons 0.3 O.l 
Galerita Janus 0.2 0.1 T4 
Cyclotrachelus soda/is 0.2 I.I 
Agonum cupripenne 0.2 0.1 
Anisodactylus harrisii 0.1 0.2 
Amara carinata 0.1 T4 0.5 
Amara impuncticollis 0.1 A4 <.l T4 
Harpalus erythropus 0.1 0.0 
Amara aeneopolita <.l T4 <.I A4 
Anisodactylus merula <.l C2 <.I S2 
Pterostichus commutabilis <.l C4 <.I A4 
Pterostichus stygicus <.l C4 <.l A4 
Calosoma externum <.l C4 0.0 
Amara obesa <.l S4 0.0 
Lebia viridis <.l T4 0.0 
Chlaenius brevilabris 0.0 <.l T4 
Discoderus para/le/us 0.0 <.l T4 
Anisodactylus ovularis 0.0 <.l T4 
Chlaenius tomentosus 0.0 <.l T4 
Anisodactylus caenus 0.0 <.l T4 
Chlaenius lithof!.hilus 0.0 <.l A4 
Treatment abbreviations following data represent instances where a species was trapped 
exclusively in one treatment; (C2) com, 2-yr; (S2) soybean, 2-yr; (C4) com, 4-yr; (S4) 
soybean, 4-yr; (T4) triticale-alfalfa, 4-yr; (A4) alfalfa, 4-yr 
a naming authorities available in Larochelle & Lariviere (2003). 
b 3168 individuals collected over 9 sampling dates. 
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Figure 1. Temporal patterns of the five most abundant and the sum of all other carabid 
species captured per pitfall trap during 2003 in Boone Co., Iowa, USA in six crop rotation 
treatments (C2) com, 2-yr; (S2) soybean, 2-yr; (C4) com, 4-yr; (S4) soybean, 4-yr; (T4) 
triticale-alfalfa, 4-yr; (A4) alfalfa, 4-yr. Error bars represent the standard error of total beetle 
abundance at each sampling date. 
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Figure 2. Temporal patterns of the five most abundant and the sum of all other carabid 
species captured per pitfall during 2004 in Boone Co., Iowa, USA in six crop rotation 
treatments (C2) com, 2-yr; (S2) soybean, 2-yr; (C4) com, 4-yr; (S4) soybean, 4-yr; (T4) 
triticale-alfalfa, 4-yr; (A4) alfalfa, 4-yr. Error bars represent the standard error of total beetle 
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Figure 3. First two axis of Principal Components Analysis of carabid beetle communities in 
2003 (X) and 2004 (0). (ASA) Anisodactylus sanctaecrucis; (BRA) Bembidion rapidum; 
(HHE) Harpalus herbivagus; (HPE) Harpa/us pensylvanicus; (OTH) sum of all other species 
with< 50 specimens collected; (PCH) Poecilus cha/cites; (PLU) Poecilus lucublandus; 
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Figure 4. First two axis of Principal Components Analysis of carabid beetle communities in 
six cropping treatments in 2003 and 2004. (C2) com, 2-yr; (S2) soybean, 2-yr; (C4) com, 4-
yr; (S4) soybean, 4-yr; (T4) triticale-alfalfa, 4-yr; (A4) alfalfa, 4-yr. Groupings represent 
replicate blocks of each cropping treatment. (ASA) Anisodactylus sanctaecrucis; (BRA) 
Bembidion rapidum; (HHE) Harpalus herbivagus; (HPE) Harpalus pensylvanicus; (OTH) 
sum of all other species with < 50 specimens collected; (PCH) Poecilus cha/cites; (PLU) 
Poecilus lucublandus; (PPE) Pterostichus permundus; (SCO) Stenolophus comma; (SQU) 
Scarites quadriceps. 
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CHAPTER 3. POST-DISPERSAL WEED SEED PREDATION BY 
INVERTEBRATES IN CONVENTIONAL AND LOW-EXTERNAL-INPUT CROP 
ROTATION SYSTEMS 
A paper submitted to Agriculture, Ecosystems and Environment 
Megan E. O'Rourke, Andrew H. Heggenstaller, Matt Liebman, Marlin E. Rice 
Abstract 
Field and greenhouse experiments were conducted to determine the effects of cropping 
systems on invertebrate seed predators and predation rates and to determine invertebrate 
feeding preferences for various weed seeds and invertebrate prey. Invertebrate seed predator 
communities were compared between conventionally managed com/soybean and low-input 
corn/soybean/triticale-alfalfa/alfalfa crop rotation systems using pitfall traps from July to 
October 2003 and 2004. Seed predation of giant foxtail (Setaria faberi) was investigated in 
conjunction with pitfall trap measurements during 2004. Feeding preferences of Gryllus 
pennsylvanicus cricket adults and nymphs, and Harpalus pensylvanicus, Poecilus cha/cites 
and Poecilus lucublandus carabid beetles were determined in two experiments. In the first 
experiment, invertebrates were exposed to equal numbers of randomly distributed proso 
millet (Panicum miliaceum), common waterhemp (Amaranthus rudis), redroot pigweed 
(Amaranthus retroflexus), giant foxtail (Setariafaberi), woolly cupgrass (Eriochloa villosa), 
and velvetleaf (Abutilon theophrasti) seeds. In the second experiment, the same species of 
invertebrate predators were exposed to a combination of A. retroflexus and E. villosa seeds, 
and mobile and immobile Acyrthosiphon pisum aphids. In the field, crickets were the 
dominant invertebrate seed predators across all cropping treatments. Crop identity, rather 
than management within a crop, had the greatest influence on the activity-density of 
invertebrate seed predators. Gryllus pennsylvanicus, the single most abundant invertebrate 
seed predator, was trapped more often in com compared to soybean and least often in 
triticale-alfalfa and alfalfa treatments. Invertebrate seed predation of S. faberi was higher in 
com and soybean compared to triticale-alfalfa and alfalfa and there were higher predation 
rates in reduced input compared to conventionally managed soybean. Invertebrates 
consumed less than 30% of seeds in July, early August and early October, but as much as 80-
90% of seeds in late August and September in com and soybean treatments. The percentage 
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of S. faberi consumed by invertebrates compared to all seed predators increased in late 
summer and was significantly higher in com and soybean compared to triticale-alfalfa and 
alfalfa treatments. Regression analysis revealed that G. pennsylvanicus and Allonemobius 
allardi cricket activity-density were significant predictors of S. faberi predation and 
explained 66% of the variation in seed removal. Weed seed preferences varied among 
invertebrates and could not be easily predicted by seed mass. Acyrthosiphon pisum was also 
readily consumed by all invertebrates examined, but relative preference for A. pisum 
compared to weed seeds varied among predators. 
Keywords: agro-ecology, crickets, ground beetles, Iowa, natural enemies, weed biological 
control 
Introduction 
Seed predation has been studied extensively in natural systems and can significantly affect 
seed survival, spatial distributions of plant species, and plant community composition 
(Sallabanks and Courtney, 1992; Crawley, 2000). More recently, there has also been 
increasing attention focused on post-dispersal seed predation in agricultural habitats and the 
potential for seed predators to act as weed biological control agents (Menalled et al., in press; 
Gallandt et al., 2005). Indeed, population dynamics models indicate that post-dispersal seed 
predation may be the most sensitive parameter affecting population growth rates in 
agricultural weed life cycles (Jordan et al., 1995; Davis et al., 2003). 
Vertebrates such as birds (Holmes and Froud-Williams, 2005) and mice (Getz and Brighty, 
1986; Westerman et al., 2003a), and invertebrates such as crickets (Brust and House, 1988; 
Carmona et al., 1999), beetles (Tooley and Brust, 2002; Honek et al., 2003), ants (Risch and 
Carroll, 1986; Diaz, 1992) and slugs (Cardina et al., 1996) have been reported to be 
important seed predators in agricultural systems. However, while there is some controversy 
as to the relative importance of vertebrates compared to invertebrates as agricultural seed 
predators (Marino et al., 1997; Lutman et al., 2002; Westerman et al., 2003a), many studies 
have pointed to invertebrates as consuming the majority of agricultural weeds compared to 
vertebrates (Brust and House, 1988; Cromar et al., 1999; Gallandt et al., 2005). Honek et al. 
(2003) estimated that carabid beetles in winter rape crops in the Czech Republic could 
consume between 1150-4000 weed seeds m-2 day-1• 
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In addition to their ability to consume large quantities of weed seeds, invertebrate feeding 
preferences and the temporal and spatial patterns of invertebrate seed predation warrant 
particular investigation into invertebrate contributions to seed predation. Various studies 
suggest that vertebrates and invertebrates differ in their weed seed preferences, with 
invertebrates being more efficient consumers of smaller weeds seeds (Brust and House, 
1988; Watson et al., 2003). Studies by Westerman et al. (2003a) and Harrison et al. (2003) 
also indicate that invertebrate post-dispersal seed predation appears to be well coordinated 
with autumn weed seed shed, facilitating seed consumption before tillage can bury seeds 
beyond the reach of predators. There is also evidence that invertebrate seed predation is not 
dependent on distance from field margins (Tooley et al., 1999; Westerman et al., 2003a) or 
complexity of the landscape (Menalled et al., 2000), which suggests that invertebrate seed 
predation can remain high even throughout large agricultural fields. 
Field to field variability in invertebrate seed predation rates appears to be high (Menalled et 
al., 2000; Westerman et al., 2003a) and there is not much information about how agricultural 
systems may affect invertebrate seed predators and consequent rates of seed predation. There 
is conflicting evidence concerning the effects of tillage on invertebrate seed predation with 
some studies showing no effects (Cardina et al., 1996), negative effects (Brust and House, 
1988; Kollman and Bassin, 2000), or even variable effects depending on the specific type of 
tillage (Cromar et al., 1999). There is also evidence that invertebrate seed predation varies 
among crops (Honek et al., 2003; Menalled et al., 2001) and may be positively related to the 
degree of canopy cover (Davis and Liebman, 2003; Gallandt et al., 2005). The effects of 
herbicides and fertilizers on invertebrate seed predators have not been thoroughly 
investigated. However, there is some evidence that they may adversely affect invertebrate 
seed predators and consequently predation rates (Carcamo et al., 1995; Hance, 2002). 
Furthermore, prey preference (Honek et al., 2003) and background densities of alternative 
prey sources (Marino et al., in press) may also affect invertebrate seed predation. 
In this study, we hypothesized that invertebrate seed predator activity-density and predation 
rates would be higher in cropping systems with less soil disturbance and fewer chemical 
inputs, and increased durations of ground cover. To test this hypothesis, we compared 
invertebrate seed predator activity-density and weed seed predation rates in a conventfonal, 
two-year com/soybean cropping system with a low-input, four-year corn/soybean/triticale-
alfalfa/alfalfa cropping system. The proportion of seed predation attributable to invertebrates 
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throughout the growing season was also investigated by comparing invertebrate seed 
predation rates to rates of predation when seeds were exposed to all classes of predators. 
Additional laboratory feeding trials were conducted to understand the propensity of 
important invertebrate weed seed predators to consume various weed seed species and to 
understand how the presence of invertebrate prey might affect weed seed predation. 
Materials and Methods 
Cropping systems 
Crop rotations were established in 2002 on Clarion-Nicollet-Webster mixed loam soils at 
Iowa State University's Marsden Farm in Boone Co., Iowa, USA. Prior to the cropping -
systems experiment, the land had been commercially managed for com and soybean 
production and then planted to oat in 2001. The experiment was laid out as a randomized 
complete block design with each phase of each rotation system present every year in each 
block. There were four replicate blocks separated by approximately 15 meters of mowed, 
mixed grasses (mostly Festuca spp.) and each treatment plot within the four blocks measured 
18 x 84 meters. 
The two cropping systems compared were a two-year com (Zea mays)/soybean (Glycine 
max) rotation and a four-year corn/soybean/triticale (Triticosecale) underseeded with alfalfa 
(Medicago sativa)/alfalfa rotation. Both systems were managed for high yield and the timing 
and quantity of inputs varied between years depending on soil nutrient tests, field scouting, 
and weather conditions. Compared to the four-year system, the two-year system received 
higher levels of herbicide and fertilizer inputs, but lower levels of mechanical weed 
cultivation. 
All com plots received field cultivation immediately prior to planting in late April. Four-
year com plots were also moldboard plowed the previous November and leveled with a field 
cultivator in early April to incorporate alfalfa residue from the previous phase of the rotation. 
Synthetic nitrogen was applied to the two-year rotation com at a rate of 150 and 110 kg N ha-
1 yr-1 in 2003 and 2004, respectively. Com in the four-year rotation received synthetic 
nitrogen at a rate of 55 and 70 kg N ha-1 yr-1 in 2003 and 2004, respectively, and received 
organic N inputs in the form of composted manure applied at a rate of 15 Mg ha-1 y{1 (fresh 
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weight). Weeds were chemically controlled in the two-year com plots with pre-plant 
incorporated (PPI) metolachlor and isoxaflutole in 2003 and 2004, and post-emergence 
(POST) applications of nicosulfuron, rimsulfuron, and mesotrione in 2003. PPI herbicides 
were not applied to the four-year com plots, but banded POST applications ofnicosulfuron, 
rimsulfuron, and mesotrione were made in both 2003 and 2004. In the two-year com, weeds 
were rotary hoed once in 2003, but no mechanical weed control was necessary in 2004. 
Mechanical weed control was relied on more heavily in the four-year com with one rotary 
hoeing and two interrow cultivations in 2003, and one rotary hoeing and one interrow 
cultivation in 2004. 
Soybean was planted in late May immediately following field cultivation. Both two-year and 
four-year soybean plots were chisel plowed the previous November and cultivated in April to 
incorporate com residue. No fertilizer additions were made to soybean treatments. Weeds 
were chemically controlled in the two-year soybean in 2003 with PPI metolachlor and POST 
bentazon, flumiclorac, and clethodim, and in 2004 with PPI metolachlor and POST bentazon 
and clethodim. Chemical weed control in the four-year soybean included PPI metolachlor in 
2003 and 2004, and POST flumiclorac in 2003 and POST bentazon in 2004. No mechanical 
weed control was used in the two-year soybean, but four-year soybean received one rotary 
hoeing and one interrow cultivation in 2003, and one rotary hoeing and two interrow 
cultivations in 2004. 
Triticale underseeded with alfalfa was planted in late March or early April in 2003 and 2004, 
respectively. At planting, synthetic N fertilizer was also incorporated into the soil at a rate of 
30 kg N ha-1• Triticale was harVested in late July and alfalfa was produced through the 
following year when it was considered a four-year alfalfa plot. Weeds were mechanically 
controlled in the four-year triticale-alfalfa plots with one stubble mowing of the underseeded 
alfalfa in August of 2003 and 2004. The four-year alfalfa plots were harvested three times in 
2003 and four times in 2004, which also served to control weeds. No herbicides were 
applied to either the four-year triticale-alfalfa or four-year alfalfa plots. 
Invertebrate Seed Predators 
Invertebrate seed predator activity-density was monitored using pitfall traps (Thiele, 1977; 
Southwood, 1978). Traps were 1 L plastic cups buried flush to the soil surface containing a 
20% propylene glycol preservative solution. Within each treatment plot, four pitfall traps 
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were placed at least 5 m from adjacent plots and approximately 18 m from each other and the 
grassy plot borders. For each sampling period, pitfall traps were opened for five consecutive 
nights approximately every two weeks. During 2003, six pitfall samples were taken between 
July 16 and October 7. During 2004, 7 pitfall samples were taken between July 14 and 
October 6. 
In 2003, invertebrate seed predators to be investigated were determined a priori after 
consideration of relevant literature. These included the field cricket Gryllus pennsylvanicus 
(Brust and House, 1988; Carmona et al., 1999), carabid beetles in the genera Harpalus and 
Amara (Lindroth, 1961; Tofte and Bilde, 2002), and ants (Abramsky, 1983; Diaz, 1992). In 
2004, the ground cricket Allonemobius allardi and the slug Deroceras leave were also 
monitored due to their abundance in pitfall traps in 2003 and the reported feeding habits of 
related species (Vickery and Kevan, 1983; South, 1992). Carabid beetles were identified to 
species according to Lindroth (1969) and Bousquet and Larochelle (1993), crickets were 
identified according to Froeschner (1954) and Vickery and Kevan (1983), and the one slug 
species found was identified according to Chichester and Getz (1973). A voucher specimen 
collection is deposited in the Iowa State University insect museum. 
Invertebrate Seed Predation 
Seed predation was monitored using 'seed cards' (Westerman et al., 2003ab; Marino et al., in 
press). Seed cards were prepared using 7 x 9 cm pieces of sandpaper lightly sprayed with an 
aerosol glue (3M Spray Mount™), to which 50 giant foxtail seeds and a light layer of sifted, 
field-collected soil were applied. Vertebrates were excluded from seed cards using metal 
exclosures made of hardware cloth with 1.6 cm2 mesh. The exclosure cages were shaped into 
12 cm diameter cylinders topped with hardware cloth, and were buried 3 cm into the soil. 
Predation by all seed predators was monitored by placing seed cards in the field without any 
exclosure covering. Control seed cards used to monitor seed loss by handling were protected 
from all predation by placing them in 12 x 12 cm pouches constructed of metal screening 
material with 1 mm2 openings. 
Each seed predation trial consisted of placing cards in the field for 48 hours. In 2003, one 
trial was conducted between June 29 and July 1. In this trial, three giant foxtail (Setaria 
faberi) seed cards exposed to invertebrate predators, and two control seed cards were placed 
in each treatment plot at least 5 m from adjacent plots, 18 m from grassy plot borders, and at 
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least 3 m from each other. Seed cards were secured to the soil surface with nails forced 
through the sandpaper and into the soil. In 2004, seven seed predation trials were conducted 
concurrently with pitfall trap sampling. For each trial in 2004, four S.faberi seed cards were 
placed under vertebrate exclosures, four S. faberi seed cards were placed in the field with no 
exclosures, and two control cards were placed in the field. Throughout 2004, vertebrate 
exclosure cages remained in the same area and were spaced at 18 meter intervals along a 
transect located 5 m from the nearest plot. 
Prey Preference Bioassays 
Two choice feeding experiments were conducted to examine the prey preferences of field 
collected adult and nymphal field crickets (Gryllus pennsylvanicus) and three species of 
carabid beetles (Harpalus pensylvanicus, Poecilus cha/cites, and Poecilus lucublandus). The 
first experiment compared invertebrate predator preferences between redroot pigweed 
(Amaranthus rudis), common waterhemp (Amaranthus retroflexus), giant foxtail (Setaria 
faberi), woolly cupgrass (Eriochloa villosa), and velvetleaf (Abutilon theophrasti). De-
hulled millet seeds (Panicum miliaceum) were determined to be palatable to all invertebrate 
seed predators and were used in the experiment as a control to ensure that the test insect 
would accept food. The second experiment compared predator preferences between E. 
villosa and A. theophrasti seeds, and mobile and immobile pea aphids (Acyrthosiphon 
pisum). Acyrthosiphon pisum were immobilized by gently pressing their legs with a 
paintbrush. 
The feeding arenas were set up in 0.5 L plastic containers according to Krebs (1989) with 
one invertebrate predator, and four units of each prey type randomly distributed in the 
container. The plastic containers were lined with moist filter paper and moist cotton was also 
added as a water source for invertebrate predators. Field collected insects were kept in the 
laboratory for two weeks or less and were given cat food (Purina Cat Chow®) and water ad 
libitum. Before beginning the feeding trials, the predators were starved for 24 hours. Prey 
was placed in feeding arenas for 12 hours prior to starting the experiments to allow seeds to 
imbibe water. After placing predators in feeding arenas, the number of prey remaining was 
monitored after 1, 3, 6, 12, and 28 hours. Both laboratory experiments were replicated over 
three separate dates and the number of each invertebrate predator species tested on each date 
varied depending on the availability of field collected specimens. 
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Statistical analysis 
The effects of cropping treatments on invertebrate seed predator activity-density, S.faberi 
predation rates, and invertebrate feeding preferences were analyzed with analysis of variance 
(ANOV A) techniques using the PROC MIXED procedure in SAS software (SAS, 2002). 
Probability values for post-hoc multiple comparisons between treatments were obtained 
using Tukey pairwise adjustments. Before analysis, all subsample field data collected in the 
same plot on the same date were averaged. In order to satisfy assumptions of normality and 
equality of variance in ANOVA models, all seed predator activity-density data were ln(x + 1) 
transformed before analysis. Numbers of seeds remaining on seed cards were also 
transformed prior to analysis into percent predation using Abbott's correction formula: P = 
(C-E)IC * 100, where P is percent predation, E is the number of seeds remaining on 
experimental cards, and C is the number of seeds remaining on control cards (Abbott, 1945). 
The percent of total predation attributable to invertebrates was calculated as I= P;I P, * 100 
where P; is the Abbott's corrected percent of S. faberi seeds removed from seed cards under 
vertebrate exclosures, and P, is the Abbotts' s corrected percent of S. faberi seeds removed 
from seed cards not protected by any type of exclosure. Prey preferences were evaluated 
using the Rodger's index, which varies from zero to one where a zero value indicates prey 
species that were not consumed and one indicates the most preferred prey species. Rodger's 
index was calculated as R; = A;lmax(A;), where A; is the area under the curve of the proportion 
of species i prey items consumed over time and max(A;) is the largest value of A; per sample 
unit (Krebs, 1989). The relationship between seed predation rate and seed predator activity-
density was evaluated with general linear models using PROC GLM in SAS (SAS, 2002). 
Correlations between invertebrate activity-density and invertebrate predation rates were 
evaluated with Pearson correlation coefficients using the PROC CORR procedure in SAS 
(SAS, 2002). Two dimensional confidence intervals of the range of cricket predation rates of 
S. faberi were calculated according to Draper and Smith ( 1981 ). 
Results 
During 2003 and 2004, 6,694 specimens of G. pennsylvanicus were collected between mid-
July and early October, making it the most abundant invertebrate seed predator sampled. In 
comparison, there were only 240 seed predator carabid beetles of five different species 
collected during the same sample periods. In 2004, the list of possible invertebrate seed 
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predators examined was expanded and 1,630 A. allardi ground crickets and 61 D. leave slugs 
were also captured in pitfall traps. No ants were ever detected in treatment plots during 2003 
or 2004 (Table 1 ). 
Cropping treatments and invertebrate seed predators 
When invertebrate seed predator data were summed over all trapping dates in 2003 and 2004, 
there were greater differences among crops than within com or soybean under different 
management regimes. The only instance where there was an effect of management within a 
crop was between the two- and four-year rotation soybean in 2003 where significantly more 
beetles in the 'other Harpalus spp.' category were trapped in the four-year soybean. In 
comparison, there were more H pennsylvanicus captured in triticale-alfalfa compared to com 
and soybean and more 'other Harpalus spp.' captured in triticale-alfalfa compared to any 
other crop in 2003. There were also significant differences in pitfall captures of G. 
pennsylvanicus among crops in 2004 with more specimens trapped in com compared to 
soybean, and least trapped in triticale-alfalfa and alfalfa (Table 2). 
When the temporal patterns of the two most abundant invertebrate seed predators, G. 
pennsylvanicus and A. allardi, were examined, activity-density differed between cropping 
treatments and across the sampling periods. In 2003, the peak in G. pennsylvanicus activity-
density occurred in late August, whereas the peak was not seen until September in 2004. In 
2004, A. allardi activity-density peaked in early September, dropped to near zero during the 
next sampling period and rebounded in early October (Fig. 1). For both G. pennsylvanicus in 
2003 and 2004 and A. allardi in 2004, analysis of variance revealed that there were 
significant cropping treatment (P<0.01) and sampling date effects (P<0.001). There were 
also significant cropping treatment by date interactions (P<O. 001) indicating that there were 
different temporal patterns of G. pennsylvanicus and A. allardi activity-density between the 
different cropping treatments (Fig. 1 ). Gryllus pennsylvanicus and A. allardi pitfall trap 
captures were significantly correlated (R=0.22; P<0.01). 
Cropping treatments and invertebrate seed predation 
During the one sampling date in 2003 conducted on July 1, there was no significant 
invertebrate predation of S. faberi seeds in any cropping treatment. During 2004, invertebrate 
seed predation rates varied across sampling dates and among cropping treatments. The 
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temporal pattern of invertebrate seed predation generally peaked in late August and/or 
September, depending on the cropping treatment, and dropped in early October following the 
first frost (Fig. 2). The differences in seed predation rates among dates were highly 
significant (P<0.0001), as were the average differences in seed predation rates among 
treatments (P<0.0001 ). Tests of cropping treatment by date interactions showed that the 
differences in temporal seed predation patterns among cropping treatments were significant 
(P<0.0001). When Tuk:ey pairwise comparisons were made among the average seed 
predation rates measured in the cropping treatments, there was significantly more seed 
predation in corn and soybean than in triticale-alfalfa and alfalfa. There was also a crop 
management effect in the soybean with the average seed predation rate in the four-year 
soybean being significantly higher than in the two-year soybean (P=0.05). 
The relative importance of invertebrates as seed predators varied through time and among-
treatments in 2004 (Fig. 3 ). During July and early August, invertebrates accounted for less 
than 30 percent of S.faberi seed predation. However, in late August through early October, 
the percentage of seeds consumed by invertebrates increased and was between 50 and 100 % 
in corn and soybean. Differences in the percentage of S. faberi seeds consumed by 
invertebrates varied significantly among sampling dates (P<0.0001) and among cropping 
treatments (P<.001), and there were significant cropping treatment by date interactions 
(P<0.001). Averaged across all dates, there were no significant effects of management 
within corn or soybean on the percentage of S. faberi consumed by invertebrates. However, 
there were significant crop effects, with the percentage of S. faberi consumed by 
invertebrates in corn and soybean being greater than in triticale-alfalfa and alfalfa treatments 
(P<0.0001). 
The best regression model relating invertebrate seed predation with pitfall trap captures was 
determined to be a linear model that included G. pennsylvanicus and A. allardi activity-
density as quantitative variables, and crop as a categorical variable. This model explained 
66% of the variation in invertebrate seed predation rates. The addition of other invertebrate 
seed predators did not significantly improve the model's explanatory power. Management 
practices within crops also did not significantly affect the model, warranting the 
consolidation of the two-year and four-year corn and soybean cropping treatments in 
analysis. Joint confidence regions for the per capita rate of seed predation for G. 
pennsylvanicus and A. allardi, as determined by regression analysis using pitfall trap data, 
showed that G. pennsylvanicus predation rates were significantly different between the corn 
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and soybean treatments and A. allardi predation rates were significantly different between 
the com and alfalfa treatments (Fig. 4). 
Invertebrate Feeding Preferences 
Weed seed preferences varied among invertebrates and could not be easily predicted by seed 
mass. However, of the suite of weed seeds presented, both adult and immature G. 
pennsylvanicus preference scores were highest for A. retroflexus and lowest for E. villosa. 
Not categorized as weed seed predators a priori, P. cha/cites and P. lucublandus were 
included in assays because of their prevalence in the field (M. O'Rourke, unpublished data). 
However, these feeding assays confirmed that they rarely consume any of the weed seeds 
tested (Table 3). Averaging across all weed species, adult G. pennsylvanicus consumed 
seeds at a greater rate than H pensylvanicus (P=0.02), while immature G. pennsylvanicus 
consumed seeds at an intermediate rate. 
Assays comparing the feeding preferences of invertebrate predators for weed seeds compared 
to A. pisum aphids showed that invertebrate species considered seed predators in this research 
will also consume invertebrate prey. While G. pennsylvanicus and H pensylvanicus both 
preferred A. retroflexus seeds to any other prey, they also consumed aphids as readily as 
velvetleaf seeds. In the context of these feeding assays where aphids were constrained to an 
arena, all the invertebrate predators tested were able to feed upon mobile aphids as readily as 
immobile aphids (Table 4). 
Discussion 
Crickets, especially Gryllus pennsylvanicus and Allonemobius allardi, were the most 
important seed predators across all cropping treatments according to regression analysis 
between invertebrate pitfall trap data and invertebrate seed predation rates determined from 
seed cards. Their ability to consume between 70 and 100% of Setaria faberi seeds within 
com and soybean treatments during the late summer was somewhat surprising considering 
the relative abundance of research focusing on the importance of ground beetles as weed seed 
predators in agriculture (Tooley and Brust, 2002; Honek et al., 2003). However, previous 
studies have identified G. pennsylvanicus as weed seed predators (Brust and House, 1988; 
Carmona et al., 1999; Hough-Goldstein et al., 2004) and this study further confirms their 
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importance. Compared to reports on the ability of G. pennsylvanicus to consume weed 
seeds, far less information is available about the feeding behavior of A. allardi. Purportedly 
common in Iowa agricultural fields (Froeschner, 1954), they have been reported as 
omnivorous feeders (Vickery and Kevan, 1983), but the results of this study suggest that their 
role as weed seed predators warrants further investigation. 
The significant effects of crop habitat on invertebrate activity-density and seed predation 
have also been reported in many other studies (Honek and Jarosik, 2000; Davis and Liebman, 
2003; Honek et al., 2003). The variation in pitfall trap data and invertebrate seed predation 
between crops may be related to how crops modify the microclimate, and to the nature of 
pitfall trap measurements. In relation to ground beetles, Thiele (1977) reported that habitat 
preference is most strongly affected by factors such as soil characteristics, light, temperature, 
and humidity, which vary among different crops. The moisture and humidity of a habitat 
have also been reported as key factors in the habitat preferences of cricket species (Alexander 
and Thomas, 1959). Invertebrate pitfall trap data are also likely to vary among crops because 
pitfall traps measure both the activity and population size of insect species. So, even if insect 
populations were identical among crops, activity may vary due to many factors including 
temperature and hunger (Raworth and Choi, 2001), plant density, soil roughness, and habitat 
preference (Southwood, 1978). 
While differences in invertebrate seed predator activity-density and predation rates were 
expected among crops, the rank order of preferences was in contrast to our original 
hypothesis. Due to reports of invertebrate seed predator activity-density and predation rates 
being positively related to the degree of ground cover and residue (Carmona et al., 1999; 
Gallandt et al., 2005), we expected to see the highest levels of invertebrate activity-density 
and invertebrate seed predation in the four-year triticale-alfalfa and alfalfa plots compared to 
the corn and soybean plots. However, since granivorous carabids, ants and slugs were not 
abundant during this experiment, differences in invertebrate predation rates among crops 
were largely determined by crickets. As nocturnal species that lay their eggs in the soil 
(Alexander, 1957), Gryllus pennsylvanicus may have preferred the dark environment but 
open ground and relatively loose, cracked soil in the corn and soybean plots, where crickets 
were often found inactive in soil cracks during the daytime (M. O'Rourke, personal 
observation). In comparison, the soil in the triticale-alfalfa and alfalfa plots had few cracks 
and the higher planting density of alfalfa may have reduced invertebrate activity. 
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Compared to the effect of different crops on invertebrate seed predator activity-density and 
predation rates, management within a crop was relatively less important. This result is in 
opposition to our original hypothesis that the combined effects of reducing use of herbicide 
and inorganic fertilizer would lead to an increase in invertebrate seed predator activity-
density and seed predation. One explanation for this result may be that the increased soil 
disturbance of the four-year rotation com and soybean to control weeds may have negated 
any benefit ofreduced chemical inputs for invertebrate seed predators (Clark et al., 1997; 
Cromar et al., 1999). Another explanation may be that while the four-year rotation com and 
soybean did receive less herbicide and fertilizer, chemical inputs were still applied during the 
early summer when G. pennsylvanicus were in the early nymphal stages and may have been 
particularly susceptible to chemical inputs. Another explanation is the possibility that due to 
the size of the treatment plots (18 x 84 m) compared to the dispersal ability of carabids 
(Wallin and Ekbom, 1988) and crickets (Lorch and Gwynne, 2000), any management effects 
on invertebrate seed predator populations were masked by their ability to quickly colonize 
plots from field margins. 
During 2004, the one significant effect of management within a crop was increased 
invertebrate S. faberi predation in the four-year compared to two-year soybean. This trend 
was consistent throughout July, August and early September, but is somewhat difficult to 
understand since invertebrate seed predator activity-density showed no significant 
differences between soybean treatments. However, there was a non-significant trend towards 
greater G. pennsylvanicus activity-density in four-year compared to two-year soybean that 
may explain the higher S. faberi predation rates. Also, due to the many factors affecting 
invertebrate activity-density (Southwood, 1978), pitfall trap data may not have been able to 
detect true differences in invertebrate seed predator population size or feeding behavior 
between soybean treatments. Unfortunately, a more satisfactory explanation of these results 
has not been determined since factors shown to affect seed predation such as fall tillage and 
ground residue (Cromar et al., 1999) were similar between soybean treatments and detailed 
examination of treatment plot proximity to other plots and field margins yielded no 
explanatory trends. 
Invertebrates were responsible for over half the predation of S. faberi seeds in late August 
through early October in com and soybean, which corresponded to high levels of cricket 
activity-density. This is in contrast to July and early August when invertebrates were only 
responsible for between zero and 30 % of S. faberi predation. Mark-recapture experiments of 
48 
vertebrates indicated that the prairie field mouse, Peromyscus maniculatus, was likely the 
most important vertebrate seed predator in this study, consuming the majority of S.faberi 
seeds during early summer and in triticale-alfalfa and alfalfa plots (B. Danielson, 
unpublished data). Other studies have also found significant temporal changes in the 
importance of invertebrates as seed predators, though the dates when invertebrate predation 
is high appear to depend on the location of study and invertebrate community of an area 
(Harrison et al., 2003; Westerman et al., 2003a; Mauchline et al., 2005). Temporal patterns 
of seed predation and the relative importance of different seed predators through time and in 
different crop habitats are likely to affect agricultural weed dynamics since seed predators 
vary in their preferences for different seed species (Brust and House, 1988; Watson et al., 
2003) and since seed predation significantly decreases once seeds become buried (Hulme and 
Borelli, 1999). 
The relationship between invertebrate seed predation and activity-density is difficult to 
predict and likely based on a complex array of factors. Results of this study have shown that 
per capita predation rates determined from regression analysis between pitfall trap data and 
seed predation can vary significantly among crops. This type of inconsistent relationship has 
also been found in other studies where the relationships between invertebrate seed predation 
and pitfall trap data were different between monoculture wheat and wheat underseeded with 
red clover (Davis and Liebman, 2003) and between winter wheat and oil seed rape crops 
(Honek et al., 2003). The species-specific feeding preferences of invertebrate seed predators 
observed in the laboratory portion of this study indicate that weed seed predation rates may 
also depend on the species of weeds and on the predator community present in a region. 
Invertebrate weed seed preferences have been shown to be predator-specific and based on a 
variety of characteristics such as size, morphology, handling ease, and nutritive content 
(Tooley and Brust, 2002; Honek et al., 2003). There is also evidence that predation of a 
target prey species depends on the background density and distribution of alternative prey 
(Honek et al., 2003; Marino et al., in press). 
Conclusion 
The potential for invertebrates to affect weed life cycles through seed predation is being 
increasingly recognized. This study has emphasized the importance of crickets as 
invertebrate seed predators, the temporal changes in invertebrate seed predation, and the 
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effects of different crops on invertebrate seed predation rates. The effects of different 
management regimes within a crop were generally not significant but may result in slightly 
higher rates of invertebrate seed predation in reduced-input compared to conventionally 
managed soybean. The temporal patterns of invertebrate weed seed predation correspond 
well to natural patterns of S.faberi seed rain (Forcella et al., 2000) and predation rates as 
high as 80-90% in late August and September may be important in regulating giant foxtail 
populations (Davis et al., 2003). Since this study compared the effects of a number of 
different management practices simultaneously, further investigation is needed to better 
understand the effects of individual crop management practices on invertebrate seed 
predators and predation rates. It will also be important to investigate the factors that 
determine the underlying seed predator community in a region since species' abundance has 
been shown to vary widely even in similar habitats and close geographic proximity (Kirk, 
1971; Irmler, 2003). A next step in understanding the importance of weed seed predation is 
also to move from point estimates of predation rates to season-long estimates (Harrison et al., 
2003) and consequent effects on weed dynamics. 
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Table 1. Total number of invertebrate seed predators collected in 2003 and 2004 at Marsden 






























*Activity-density not recorded in 2003. 
aCollected over 6 sampling dates; Jul. 16 - Oct. 7. 
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Figure 1. Temporal patterns of Gryllus pennsylvanicus and Allonemobius allardi activity-
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Figure 2. Percent of foxtail removed under vertebrate exclosure cages per 48 hour period in 
each cropping treatment during 2004 at Marsden Farm, Boone Co., IA, USA. 
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Figure 3. Percentage of Setaria faberi predation attributable to invertebrates during 2004 at 










~ 1 _ Setaria faberi consumed per Gryllus pennsylvanicus 
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Figure 4. 95% joint confidence intervals for per capita predation rates of Setariafaberi by 
Gryllus pennsylvanicus and Allonemobius allardi in different crops calculated from 
regression analysis of invertebrate activity-density and seed removal from 'seed cards' from 
July to October 2004, Marsden Farm, Boone Co., IA, USA. 
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CHAPTER 4. CONCLUSIONS 
Crop rotations affect a wide array of physical and biological processes that impact both the 
ecology of the agricultural land itself as well as off-farm biogeochemical processes. The 
crops incorporated into a rotation determine, in large part, the amount of nutrient inputs 
necessary to sustain yields. The types and quantities of nutrients added to a system affect 
how much and in what chemical forms some of those nutrients will be lost from the system 
through leaching, soil erosion, and/or volatilization. The types and yearly order of crops, and 
the duration of a complete crop rotation cycle will also largely determine the tillage regime, 
duration of exposed soils, and pesticides required to maintain desirable yields. These factors 
all contribute to the plant and animal diversity and ecological stability of agricultural land. 
Furthermore, farm activities largely determine levels of soil erosion and pesticide run-off, 
which have large effects on water quality and aquatic wildlife. 
Because crop rotations affect a diversity of agricultural management decisions 
simultaneously, predicting the effects of crop rotations can be difficult. In this research, we 
focused on how conventional com/soybean rotations compared to low-input, diversified 
corn/ soybean/triticale-alfalfa/ alfalfa rotations affect ground dwelling invertebrate 
communities and how those communities, in tum, affect weed biological control through 
seed predation. We hypothesized that com and soybean in the four-year rotation compared 
to the two-year rotation would support a greater abundance and diversity of carabid beetles 
and other invertebrate weed seed predators because the four-year rotation required less 
herbicide and fertilizer that may be detrimental to invertebrates. We further hypothesized 
that the triticale-alfalfa and alfalfa phases of the four-year rotation would benefit carabids 
and other ground-dwelling, granivorous invertebrates because those crops also require few 
chemical inputs, provide plant cover for extended periods compared to com and soybean, and 
require little soil disturbance. 
The second chapter of this thesis focused on how crop rotations affect carabid beetle 
communities. Different management regimes within the two-year and four-year com or 
soybean had relatively little effect on the activity-density of individual carabid species or on 
carabid community characteristics. On the other hand, differences in carabid activity-density 
and community characteristics were apparent among different crops. In general, a larger 
number of carabid species were collected in triticale-alfalfa and alfalfa compared to com and 
soybean. However, the increase in the number of species collected in those habitats was 
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attributable to species collected only once or a few times during the entire year. This led to 
the conclusion that triticale-alfalfa and alfalfa incorporated into a rotation at the scale of this 
experiment would probably not have major biological control effects via carabids, but may 
serve an important role in carabid conservation. 
The third chapter of this thesis focused on how crop rotations affect ground-dwelling, 
granivorous arthropods, including some species of carabids, crickets, and slugs, and how 
differences in invertebrate communities might affect giant foxtail (Setaria faberi) seed 
predation. Our original expectation was that carabid beetles would make up a substantial 
portion of the granivorous arthropod community. However, this research actually 
emphasized the importance of crickets as weed seed predators. As in the study of carabid 
beetle communities, management differences between the two-year and four-year com or 
soybean had little effect on the activity-density of any granivorous arthropod found in this 
study. However, there was an effect of management on invertebrate seed predation rates, 
with higher giant foxtail predation apparent in four-year compared to two-year soybean. It 
was hypothesized that the non-significant trend of higher G. pennsylvanicus (Orthoptera: 
Gryllidae) activity-density in the four-year compared to two-year soybean might explain 
differences in invertebrate seed predation between soybean treatments. Compared to the 
effects of agricultural management regime, the effects of different crop habitat on 
invertebrate granivores and invertebrate seed predation were more substantial. Crickets, 
which were the dominant invertebrate seed predator in sample plots, were more abundant in 
com compared to soybean and were least abundant in triticale-alfalfa and alfalfa. This 
translated into higher invertebrate predation of giant foxtail in com and soybean compared to 
triticale-alfalfa and alfalfa. Invertebrate weed seed predation peaked in late August and 
-
lasted until frost in early October. Laboratory feeding revealed that weed seed preferences 
differ between invertebrate predators and may be affected by the presence of alternative 
invertebrate prey. 
While this thesis has done much to explore how conventional com/soybean rotations 
compared to corn/soybean/triticale-alfalfa/alfalfa rotations may affect carabids and 
invertebrate predation of giant foxtail, there are many additional issues and research 
questions that have arisen as a result of this study. As mentioned throughout this thesis, 
invertebrate communities were sampled using pitfall traps, which measure both the activity 
and population size of an insect species. This type of measurement obscures the question of 
how crop rotations affect insect population size, which is probably a more appropriate 
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predictor of biological control effects. If similar studies were conducted in the future, a 
combination of pitfall traps, which are cost and time effective, and a sampling technique that 
could measure the population density of insects, such as suction sampling, would make the 
data more conclusive. 
Future areas of research that I have come to feel are important as a result of this study include 
the scale at which the results of this research are applicable, the factors underlying the 
geographic distributions of carabids and granivorous invertebrates, and the long-term trophic 
effects of conserving granivorous invertebrates. For example, would the effects of 
diversified crop rotations be greater at the scale of hectares compared to the research plot 
scale? How important is the spatial pattern of cropping systems for carabid communities and 
invertebrate seed predation; would strip cropping have different effects compared to 
conventional monoculture fields? Why, under similar cropping scenarios and climatic 
conditions do invertebrate communities vary in fields separated by only a few kilometers? 
Does invertebrate seed predation have any significant effect on the ultimate trajectory of 
giant foxtail population growth? Under what circumstances would seed predation ultimately 
be important to farmers? Answering these questions would ultimately bring us closer to 
predicting the long-term effects of converting from conventional to diversified crop rotations. 
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